SIMPLIFIED  KINGERY  AIRBLAST  CALCULATIONS 


presented  by 


Michael  M.  Swisdak,  Jr. 

Indian  Head  Division/Naval  Surface  Warfare  Center 
10901  New  Hampshire  Avenue 
Silver  Spring,  MD  20903-5640 


ABSTRACT 

In  July  1980,  the  DDESB  Explosive  Safety  Standard  DOD  6055.9-STD  became  linked  with 
or  referenced  to  the  1966  Kingery  Hemispherical  TNT  Surface  Burst  airblast  compilation.  In 
1984,  a  revised  Kingery  compilation  was  released.  The  1984  Kingery  paper  presented  the 
compiled  airblast  parameters  in  terms  of  high  order  polynomials.  This  paper  presents  the 
same  results  in  terms  of  simplified  polynomials  with  the  results  accurate  to  within  1%  of  the 
original  Kingery  values.  The  paper  also  describes  the  background  and  basis  of  the  Kingery 
Standard— what  it  is  as  well  as  what  it  is  not.  Moreover,  it  provides  guidance  on  its  limitations 
and  applicability. 


INTRODUCTION 

In  the  current  DOD  Explosives  Safety  Standard1,  the  effects  expected  at  a  particular  scaled 
distance  (range/charge  weight1'3)  are  tied  to  a  pressure  level.  This  pressure  level  is  determined 
from  the  1966  Kingery  hemispherical  TNT  compilation.2  This  was  not  always  the  case.  The  first 
instance  in  which  an  effect  was  tied  to  a  pressure  level  was  in  Interim  Change  2  to  DOD  5 154.4S, 
dated  23  June  19803.  Here,  pressure  levels  were  tied  to  scaled  distances  or  K  factors  through  the 
use  of  the  Kingery  hemispherical  TNT  surface  burst  data  compilation  which  was  released  in 
1966.  Subsequent  to  the  publication  of  the  original  compilation,  a  revised  and  updated 
compilation  was  prepared  for  inclusion  in  a  revision  to  the  1969,  tri-service  manual  Structures 
to  Resist  the  Effects  of  Accidental  Explosions.45  This  new  compilatiorf ,  also  by  Kingery  and 
Bulmash  was  published  in  1984. 

Since  its  adoption  by  the  Department  of  Defense  Explosives  Safety  Board  (DDESB),  questions 
have  been  raised  about  this  compilation.  Questions  such  as  What  is  it?  What  are  its  limitations? 
What  should  I  know  about  it  in  order  to  use  it  properly?  The  following  sections  of  this  paper  will 
begin  to  address  some  of  these  questions. 

KINGERY— 1966 

The  1966  Kingery  compilation  is  based  on  the  airblast  data  taken  on  four  large  (5-500  ton)  TNT 
events  which  were  conducted  in  Canada  between  1959  and  1964.  Airblast  data  were  recorded 
on  these  events  by  representatives  from  the  United  States,  Canada,  and  the  United  Kingdom. 
Their  results  were  combined  to  form  the  data  base  from  which  the  1966  compilation  was 
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produced.  The  overpressure  results  for  the  first  three  events  were  reported  by  Kingery  and 
Pannill  in  an  interim  report  published  in  19647. 


The  following  table  shows  the  scope  of  the  data  which  was  used  for  the  1966  compilation: 


CHART  1 


EVENT  NUMBER 

NOMINAL  YIELD 
(tons  of  TNT) 

DATE 

1 

5 

1959 

2 

20 

1960 

3 

100 

1961 

4 

500 

1964 

Quoting  from  the  1966  Kingery  report,  ...The  data  from  all  four  tests  were  first  processed  to 
obtain  the  as  read  values  of  peak  overpressure,  arrival  time,  positive  duration  and  positive 
impulse.  The  cube  root  scaling  and  altitude  corrections  were  applied  to  these  values  to  bring 
them  to  standard  sea-level  conditions  and  the  equivalent  of  a  one-pound  charge.  The  scaled 
values  were  then  used  to  determine  the  curves  presented  in  this  report. 

This  1966  effort  only  addressed  four  airblast  parameters— Time  of  Arrival,  Peak  Overpressure, 
Positive  Phase  Duration,  and  Positive  Phase  Impulse.  It  further  limited  itself  to  hemispherical 
TNT  surface  bursts.  It  was  strictly  curve  fits  to  empirical  data.  No  attempt  was  made  to 
match  the  data  with  a  theory  or  with  hydrocode  calculations. 

A  question  which  should  be  addressed  at  this  point  is  How  well  do  the  curve  fits  presented  by 
Kingery  in  1966  match  the  data.  This  is  addressed  in  the  following  table.  In  each  case  2/3  of 
all  the  data  points  lie  within  the  error  bounds  shown  below: 

CHART  2 


PARAMETER* 

ERROR  (%)** 

SCALED  TIME  OF  ARRIVAL 

±1,8 

i  PEAK  OVERPRESSURE 

±  6.4 

SCALED  POSITIVE  PHASE  DURATION 

±  9.6 

SCALED  POSITIVE  PHASE  IMPULSE 

±  6.7 

‘Scaled  to  1 -pound  at  sea  level  conditions 
“2/3  of  data  fall  within  this  error  band 


With  such  a  relatively  small  error  band,  it  is  apparent  that  the  curve  fits  represent  the  data 
extremely  well. 


KINGERY  &  BULMASH— 1984 


The  hemispherical  TNT-portion  of  the  1984  Kingery  and  Bulmash  effort  is,  basically,  a  re¬ 
examination  of  the  1966  data.  No  additional  data  were  examined  or  included.  Although  no  new 
data  were  included,  information  on  reflected  pressure,  reflected  impulse,  and  shock  front  velocity 
were  also  presented.  The  following  table  presents  the  sources  of  all  of  the  information  included 
in  this  work: 


CHART  3 


PARAMETER 

SOURCE 

SCALED  TIME  OF  ARRIVAL 

Re-fit  original  data  in  BRL  Report  1344 

PEAK  OVERPRESSURE 

Re-fit  original  data  in  BRL  Report  1344 

SCALED  POSITIVE  PHASE  DURATION 

Re-fit  original  data  in  BRL  Report  1344 

SCALED  POSITIVE  PHASE  IMPULSE 

Re-fit  original  data  in  BRL  Report  1344 

REFLECTED  PRESSURE 

Calculated— note  1 

REFLECTED  IMPULSE 

Calculated— note  2 

SHOCK  FRONT  VELOCITY 

Calculated— note  3 

Note  1:  Calculated  using  Peak  Overpressure  and  variable  specific  heat  ratio 
Note  2:  Calculated  from  Free  Air  TNT  Reflected  Impulse  data 
Note  3:  Calculated  from  Peak  Overpressure 


LIMITATIONS  OF  KINGERY  COMPILATIONS 

It  must  be  remembered  that  the  data  set  utilized  in  these  two  compilations  are,  by  no  means, 
complete.  There  have  been  numerous  hemispherical  TNT  surface  burst  detonations  since  1964. 
None  of  these  data  are  included. 

The  data  included  in  these  compilations  are  real-world  data  taken  under  real-world  conditions. 
This  means  that  any  inherent  variations  in  the  performance  of  the  explosive  is  included  in  the 
data.  Further,  since  the  data  were  taken  under  real-world  conditions,  the  effects  of  weather 
(temperature  gradients  and  winds)  are  included.  No  attempt  was  or  has  been  made  to  quantify 
these  effects. 

The  data  set  does  not  address  such  airblast  parameters  as  negative  phase  pressure,  negative  phase 
duration,  negative  phase  impulse,  and  total  blast  wave  duration  (positive  plus  negative  phase). 
It  should  be  noted  that  if  ones  interest  is  in  these  parameters,  then  other  sources  of  information 
are  available8. 

As  indicated  in  the  sections  above,  the  parameter  fits  are  empirical— no  pre- determined  or 
externally  imposed  forms  or  coefficients  have  been  applied. 


CURRENT  WORK 


In  1992,  at  the  request  of  members  of  the  DDESB  Secretariat,  the  author  was  requested  to  prepare 
simplified  curve  fits  for  the  Kingery  &  Bulmash  hemispherical  TNT  compilation.  At  the  same 
time,  the  author  was  requested  to  extend  the  Kingery  and  Bulmash  incident  pressure  curve  to 
include  lower  pressures. 

After  further  discussions  with  members  of  the  DDESB  Secretariat,  it  was  proposed  that  these 
simplified  and  extended  curve  fits  form  the  basis  for  computing  airblast  parameters  for  the  scaled 
distances  referred  to  in  the  DOD  Explosives  Safety  Standard1.  These  curve  fits  would  be  used 
as  the  basis  of  comparison  for  computation  of  effective  explosives  weight  (EEW)  for  hazard 
classification9.  It  would  not  be  intended  for  research  purposes  or  as  an  absolute  comparison  for 
theoretical  computations. 

The  guidelines  used  in  simplifying  the  curve  fits  for  this  proposed  standard  were  quite  simple: 

(1)  the  equations  must  be  much  easier  to  use  than  those  presented  in  Kingery  and  Bulmash  and 

(2)  the  simplified  equations  must  predict  the  Kingery  and  Bulmash  results  with  an  average  error 
of  less  than  1%.  The  work  of  Kingery  and  Pannill7  would  be  used  to  extend  the  incident  pressure 
curves  to  lower  levels. 

Table  1  presents  the  proposed  standard  in  terms  of  polynomial  curve  fits  for  both  Metric  and 
English  units.  Questions  are  often  raised  about  the  slope  of  the  pressure-distance  curve.  This 
information,  although  not  included  in  the  original  Kingery  &  Bulmash  work,  is  easily  derived 
from  the  curve  fit  information  presented.  This  slope  information  is  presented  in  Table  2. 

Using  the  curve  fits  presented  in  Tables  1  and  2,  summary  tables  of  the  various  airblast 
parameters  are  presented  in  Tables  3  and  4  for  both  Metric  and  English  Units.  Tables  5  and  6 
present  the  errors  which  are  introduced  by  using  these  simplified  equations.  As  can  be  seen,  the 
average  error  is  significantly  less  than  1%,  assuming  the  1984  Kingery  curves  are  the  standard. 

These  new  curve  fits  can  now  be  used  to  generate  pressure  levels  for  many  of  the  scaled  distances 
which  are  called  out  in  both  the  DOD  Explosives  Safety  Standard1  and  in  the  NATO  Explosives 
Safety  Standard10.  These  calculations  are  presented  in  Table  7. 


CURRENT  WORK-LIMITATION  AND  RESTRICTIONS 

Since  this  proposed  standard  is  based  on  the  Kingery  hemispherical  TNT  surface  burst  curves, 
it  will  have  all  of  the  limitations  as  discussed  above.  Namely,  it  is  based  on  a  limited  data  set, 
it  includes  the  effects  of  weather  and  variations  in  charge  performance,  and  it  does  not  include 
information  on  certain  parameters. 

Recognizing  these  limitations,  the  proposed  curve  fits  should  still  be  used  for  purposes  of  hazard 
classification  (as  a  standard  of  comparison)  and  to  relate  particular  explosion  effects  or  scaled 
distances  to  a  given  pressure  level. 


The  curve  fits,  as  presented,  should  not  be  extrapolated  beyond  the  ranges  shown. 

These  curves  are  not  presented  as  an  absolute  standard.  Since  weather  effects  have  not  been 
included  or  addressed,  it  is  understood  that  low  pressure  measurements,  where  weather  has  a 
great  influence,  may  differ  significantly  from  this  standard. 
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TABLE  1.  SIMPLIFIED  KINGERY  AIRBLAST  COEFFICIENTS 


RANGE,  Z 
(m/kgA1/3) 


0.2-2. 9 


2.9-23.8 


23.8-198.5 


RANGE,  Z 
(ft/lbA1/3) 


0.5-7.25 


7.25-60 


60-500 


0.3-4.0 


4-100 


TIME  OF  ARRIVAL,  TOA 


B  C 


0.06-1.50 

-0.7604 

1.50-40 

-0.7137 

-0.0437 


-0.7137  1.5732  0.5561  -0.4213 


-0.0310  -0.00669 


0.1054  -0.00929 


TIME  OF  ARRIVAL,  TOA  (ms/lbA1/3 


E 


B 

C 

1.5348 

-0.44021 

0.1313 

2.01409 

INCIDENT  PRESSURE,  PI  (kPa 


B  C  D  E 


6.0536 


-0.3229 


0.40977 


0 


0.1117 


0.0261 


0 


-1.4066 


INCIDENT  PRESSURE,  PI 


REFLECTED  PRESSURE,  PR  (kPa 


0.06-2.00 

9.006 

2.00-40 

8.8396 

B 

0 

O 

E 

-2.6893 

-0.6295 

0.1011 

0.29255 

\WBBEEM 

-2.64 

2.293 

-0.8232 

B 

c 

-1.7511 

-0.2877 

!  WK-tEEMKnEGEIM 

5.56754  -1.33455 


0.0696 


0.16333 


FUNCTION  =  EXP  (A+B^LNCZJJ+CMLNCZJ^+DMLNCZJ^+E^LNCZ^^F^LNfZ^AS+GMLNtZ))^) 
RANGE,  Z  shown  above  is  scaled  range 
A,  B,  C,  D,  E,  F,  G  are  the  coefficients  given  above 


TABLE  1.  SIMPLIFIED  KINGERY  AIRBLAST  COEFFICIENTS 

(continued)  2  of  3 


POSITIVE  PHASE  DURATION,  T  (ms/kgA1/3) 


RANGE,  Z 
(m/kgA1/3) 


B 


0.2-1.02 

1.02-2.80 

2.80-40 


0.5426 

0.5440 

-2.4608 


3.2299 

2.7082 

7.1639 


-1.5931 

-9.7354 

-5.6215 


-5.9667 

14.3425 

2.2711 


-4.0815 

-9.7791 

-0.44994 


-0.9149 

2.8535 

0.03486 


POSITIVE  PHASE  DURATION,  T  (ms/lbA1/3) 


RANGE,  Z 
(ft/lbA1/3) 


B 


0.5-2.5 

2.5-7 

7-100 


-1.7221 

-18.7701 

-13.0597 


0.45 

55.0513 

19.7805 


1.3552 

-60.4348 

-11.2975 


1.1249 

32.0236 

3.2552 


-0.05773 

-8.3256 

-0.4647 


-0.608 

0.8817 

0.02624 


INCIDENT  I 


PULSE,  II  (kPa-ms/kg 


lAI 


RANGE,  Z 
(m/kgA1/3) 


B 


0.2-0.96 

0.96-2.38 

2.38-33.7 

33.7-158.7 


5.522 

5.465 

5.2749 

5.9825 


1.117 

-0.308 

-0.4677 

-1.062 


0.6 

-1.464 

-0.2499 

0 


-0.292 

1.362 

0.0588 

0 


-0.087 

-0.432 

-0.00554 

0 


0 

0 

0 

0 


INCIDENT 


IMPULSE,  1 1  (psi-ms/lbA1/3) 


KQTCggi 

A 

B 

C 

D 

E 

F 

G 

0.5-2.41 

■ 

-0.466 

0.963 

0.03 

-0.087 

0 

0 

2.41-6.0 

1  / 

7.26 

-7.459 

2.960 

-0.432 

0 

0 

6.0-85 

3.2484 

0.1633 

-0.4416 

0.0793 

-0.00554 

0 

0 

85-400 

4.7702 

-1.062 

0 

0 

0 

0 

0 

FUNCTION  =  EXP  (A+B*(LN(Z))+C*(LN(Z))A2+D*(LN(Z))A3+E*(LN(Z))A4+F‘(IN(Z))A5+G*(LN(Z))A6) 
RANGE,  Z  shown  above  is  scaled  range 
A,  B,  C,  D,  E,  F,  G  are  the  coefficients  given  above 


TABLE  1.  SIMPLIFIED  KINGERY  AIRBLAST  COEFFICIENTS 


(continued) 
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REFLECTED  IMPULSE,  IR  (kPa-ms/kgA1/3) 


RANGE,  Z 
(m/kgA1/3) 


0.06-40 


6.7853 


-1.3466 


0.101 


-0.01123 


REFLECTED  IMPULSE,  IR  (psi-ms/lbA1/3) 


RANGE,  Z 
(ft/lbA1/3) 


0.2-100 


5.9313 


-1.5622 


0.1322 


-0.01123 


SHOCK  FRONT  VELOCITY,  SFV  (km/s 


RANGE,  Z 
(m/kgA1/3) 


B 


0.06-1.50 

1.50-40 


0.1794 

0.2597 


-0.956 

-1.326 


-0.0866 

0.3767 


0.109 

0.0396 


0.0699 

-0.0351 


0.01218 

0.00432 


SHOCK  FRONT  VELOCITY,  SFV  (kft/s) 


RANGE,  Z 
(ft/I  bA  1/3) 


B 


0.2-4.5 

4.5-100 


2.13023 

3.1767 


-0.69169 

-2.2283 


-0.11186 

0.3537 


-0.0578 

0.1059 


0.0082968 

-0.03892 


0.017005 

0.0033157 


FUNCTION  =  EXP  (A+B*(LN(Z))+C*(LN(Z))A2+D*(LN(Z))A3+E*(LN(Z))M+F*(LN(Z))A5+G*(LN(Z))A6) 
RANGE,  Z  shown  above  is  scaled  range 
A,  B,  C,  D,  E,  F,  G  are  the  coefficients  given  above 


TABLE  2.  LOGARITHIMC  SLOPE  OF  INCIDENT 
PRESSURE  VERSUS  DISTANCE 


LOGARITHMIC  SLOPE:  INCIDENT  PRESSURE-SCALED  DISTANCE 

(kPa/(m/kgA1/3)) 

nm 

A 

B 

C 

D 

0.2-2.9 

-2.1069 

-0.6458 

0.3351 

0.274 

2.9-23.8 

-3.0523 

0.0783 

-0.05068 

23.8-198.5 

-1.4066 

0 

0 

0 

LOGARITHMIC  SLOPE:  INCIDENT  PRESSURE-SCALED  DISTANCE 

(psi/(ft/lbA1/3)) 

A 

B 

C 

D 

0.5-7.25 

-1 .4398 

-0.563 

-0.4248 

0.274 

7.25-60 

-3.7001 

0.5418 

-0.0508 

i  60-500 

-1 .4066 

0 

0 

0 

SLOPE  =  d(LN(P))/d(LN(Z)) 

SLOPE  =  A+B*(LN(Z))+C*(LN(Z))A2+D’(LN{Z))A3 
RANGE,  Z  shown  above  is  scaled  range 
A,  B,  C,  D  are  the  coefficients  given  above 


TABLE  3.  SIMPLIFIED  KINGERY  AIRBLAST— METRIC  UNITS 


TIME  OF 
ARRIVAL 

(ms/kgA1/3) 


INCIDENT 

PRESSURE 

(kPa) 


REFLECTED 

PRESSURE 

(kPa) 


POSITIVE 

PHASE 

DURATION 

(ms/kgA1/3) 


INCIDENT  REFLECTED 

IMPULSE  IMPULSE 


(kpa-m&/kgA1/3) 


(kpa-ms/kgA1/3) 


SHOCK 

FRONT 

VELOCITY 

(km/s) 


SLOPE 

(kpa/(m/kgA 


0.037 

0.066 

0.101 

0.143 

0.193 

0.250 

0.315 

0.387 


1.693 

2.557 

3.546 

4.630 

5.785 

6.993 

8.242 

9.521 

10.82 

12.14 

13.48 

14.82 

16.18 

17.54 

18.91 

20.28 

21.66 

24.43 

27.21 

30.01 


17310.360 

10180 

6853 


3613 

2744 

2129 

1684 

1354 

551.4 

283.7 
171.3 

115.7 
84.20 
64.89 
52.14 

43.23 
36.73 
31.81 
27.99 
24.94 
22.47 
20.42 
18.70 

17.24 
15.98 
14.B9 
13.09 
11.67 
10.51 


185301 

97546 

59549 

39422 

27381 

19624 

14390 

10746 

8152 

2511 

1058 

547.3 


223.0 

162.6 

125.5 

100.9 

83.84 

71.37 

61.96 
54.64 

48.80 
44.05 
40.11 

36.80 

33.97 

31.54 

27.55 
24.43 
21.91 


0.243 

0.222 

0.234 

0.281 

0.378 

0.548 

0.818 

1.211 

1.720 

2.148 

2.053 

2.305 

2.819 

3.177 

3.436 


3.793 

3.929 

4.048 

4.157 

4.258 


4.445 


4.618 

4.700 

4.779 

4.931 

5.074 

5.208 


369,5 

215.7 

175.1 

166.2 

170.9 

183.4 

201.5 

223.9 

236.3 

177.4 

134.6 

107.5 
92.70 

81 .35 
72.42 

65.22 

59.31 
54.37 
50.19 
46.60 
43.48 
40.76 

38.35 

36.22 

34.31 
32.59 
31.04 
28.33 
26.07 
24.13 


10520 

5285 

3336 

2371 

1810 

1449 

1201 

1021 


520.7 

363.8 
278.0 
224.3 
187.7 
161.2 
141.2 

125.6 
113.0 

102.7 
94.16 


80,66 

75.25 

70.53 

66.35 

62.64 

59.33 

53.63 

48.93 

44.98 


3.962 


2.561 

2.178 

1.887 

1.658 

1.473 

1.322 

1.196 


0.623 

0,532 

0.480 

0.447 

0.425 

0.409 

0.398 

0,389 

0.383 

0.377 

0.373 

0.370 

0,368 

0.365 

0.363 

0.362 

0.361 

0.356 

0.357 

0.355 


-1.342 
-1.322 
-1.445 
-1.590 
-1.726 
-1,846 
-1.949 
-2.035 
-2.107 
-2.295 
-2.302 
-2.207 
-2.125 
-2.002 
-1 .901 
-1.815 
-1.742 
-1 .679 
-1.624 
-1.576 
-1.534 
-1.498 
-1.465 
-1.437 
-1.411 
-1.389 
-1.369 
-1.336 
-1.310 
-1.290 


TABLE  3.  SIMPLIFIED  KINGERY  AIRBLAST-METRIC  UNITS 

(continued) 


TABLE  4.  SIMPLIFIED  KINGERY  AIRBLAST-ENGLISH  UNITS 


TABLE  4.  SIMPLIFIED  KINGERY  AIRBLAST-ENGLISH  UNITS 

(continued) 


TABLE  5.  SIMPLIFIED  FUNCTIONS  (METRIQ-ERROR  ANALYSIS 


(NOTE:  All  errors  shown  are  in  percent) 


SCALED 

RANGE 

(m/kgA1/3) 

TIME  OF 
ARRIVAL 

INCIDENT 

PRESSURE 

REFLECTED 

PRESSURE 

POSITIVE 

PHASE 

DURATION 

INCIDENT 

IMPULSE 

REFLECTED 

IMPULSE 

SHOCK 

FRONT 

VELOCITY 

SLOPE 

0.2 

•0.192 

-0.032 

0.439 

-0.034 

-0.092 

0.996 

-6.015 

0.3 

0.156 

-0.607 

0.139 

-0.054 

0.006 

-0.531 

1.865 

0.4 

-0.346 

-0.325 

-0.432 

-0.047 

-0.692 

0.390 

0.5 

-0.267 

0.181 

0.190 

-0.052 

0.005 

-0.235 

-0.693 

0.6 

-0.076 

-0.019 

0.418 

0.406 

-0.064 

0.004 

0.172 

-0.848 

0.7 

-0.106 

0.179 

0.382 

0.037 

-0.080 

0.004 

0.346 

-0.566 

0.8 

-0.088 

0.275 

0.207 

-0.430 

-0.101 

0.003 

0.319 

-0.186 

0.9 

-0.044 

0.279 

0.023 

-0.332 

-0.124 

0.003 

0.174 

0.137 

1.0 

0.224 

-0.085 

0.952 

0.003 

•0.012 

0.353 

1.5 

-0.122 

0.723 

0.493 

0.002 

-0.324 

0.142 

2.0 

0.004 

-0.185 

-0.182 

-0.076 

0.002 

0.431 

-0.445 

2.5 

0.148 

0.034 

-0.041 

1.514 

0.002 

0.098 

0.180 

3.0 

-0.055 

-0.051 

0.400 

0.052 

0.002 

•0.139 

-0.865 

3.5 

-0.061 

0.072 

-0.145 

-0.197 

-0.389 

0.002 

-0.196 

4.0 

-0.032 

0.029 

-0.254 

-0.345 

-0.398 

0.002 

-0.149 

0.287 

4.5 

0.005 

-0.043 

-0.286 

-0.309 

-0.257 

0.002 

-0.061 

0.349 

5.0 

0.036 

-0.107 

-0.251 

-0.210 

-0.094 

0.002 

0.027 

0.330 

5.5 

0.054 

-0.159 

-0.175 

-0.099 

0.041 

0.002 

0.098 

0.303 

6.0 

0.060 

-0.202 

-0.084 

0.000 

0.132 

0.003 

0.147 

0.299 

6.5 

0.055 

-0.242 

0.004 

0.079 

0.181 

0.003 

0.175 

0.323 

7.0 

BEEZ9H 

-0.282 

0.076 

0.137 

0.193 

0.003 

0.184 

0.371 

7.5 

HEESH 

-0.324 

HKISBBI 

0.177 

0.003 

0.433 

8.0 

-0.003 

-0.369 

IHJSEDHi 

HBEXE9H1 

0.142 

0.003 

0.497 

8.5 

-0.029 

-0.415 

0.146 

■n 

0.094 

0.003 

0.145 

0.554 

HHEEHB 

-0.055 

-0.463 

0.202 

0.003 

0.120 

9.5 

-0.080 

-0.510 

0.083 

0.190 

0.004 

0.092 

0.621 

10.0 

-0,103 

-0.554 

0.028 

0,172 

-0.075 

0.004 

0.064 

0.621 

11.0 

-0.142 

-0.632 

-0.105 

0.126 

-0.175 

0.004 

0.008 

0.552 

12.0 

-0.168 

-0.688 

-0.244 

0.075 

0.004 

-0.042 

0.398 

13.0 

-0.182 

-0.719 

-0.366 

0.025 

-0.298 

0.005 

-0.085 

0.188 

14.0 

-0.186 

-0.726 

-0.455 

-0.018 

-0.319 

0.005 

-0.121 

-0.045 

15.0 

-0.182 

-0.713 

-0.506 

-0.318 

0.005 

-0.147 

-0.263 

16.0 

-0.172 

-0.684 

-0.517 

-0.076 

-0.300 

0.006 

-0.164 

-0.433 

17.0 

-0.158 

-0.647 

-0.493 

-0.091 

-0.270 

0.006 

-0.171 

-0.529 

18.0 

-0.143 

-0.608 

-0.440 

-0.097 

-0.234 

0.006 

-0.169 

-0.533 

19.0 

-0.129 

-0.575 

-0.367 

-0.095 

-0.195 

0.006 

-0.157 

-0.434 

20.0 

-0.116 

-0.553 

-0.284 

-0.086 

-0.158 

0.007 

-0.136 

-0.233 

22.0 

-0.102 

-0.561 

-0.125 

-0.053 

-0.098 

0.007 

-0.071 

0.441 

24.0 

-0.106 

-1.260 

-0.026 

-0.009 

-0.069 

0.008 

0.014 

-8.091 

26.0 

-0.128 

-0.540 

-0.027 

0.037 

-0.077 

0.008 

0.103 

-5.392 

28.0 

-0.164 

-0.137 

0.075 

-0.122 

0.178 

-2.712 

30.0 

-0.208 

0.010 

-0.339 

0.097 

-0.194 

0.221 

-0.353 

32.0 

-0.251 

-0.043 

-0.582 

0.097 

-0.286 

0.221 

1.422 

34.0 

-0.285 

-0.215 

-0.792 

0.071 

-0.149 

0.172 

2.375 

36.0 

-0.297 

-0.415 

-0.868 

0.012 

0.057 

0.010 

0.079 

2.252 

38.0 

-0.276 

-0.542 

-0.691 

-0.081 

0.246 

0.011 

-0.040 

0.743 

40.0 

-0.210 

-0.489 

-0.126 

-0.212 

0.437 

0.011 

-0.154 

-2.605 

AVERAGE 

-0.075 

-0.295 

-0.143 

0.024 

-0.048 

0.005 

0.024 

-0.303 

;ms  averagi 

0.021 

0.065 

0.052 

0.035 

0.043 

0.001 

0.037 

0.277 

MAX 

0.252 

0.279 

0.723 

0.952 

1.514 

0.011 

0.996 

2.375 

MIN 

-0.297 

-1.260 

-0.868 

-0.432 

-0.398 

0.002 

-0.692 

-8.091 

error « 100*(kingery-this  workykingery 


TABLE  6.  SIMPLIFIED  FUNCTIONS  (ENGLISH)-ERROR  ANALYSIS 

(NOTE:  All  errors  shown  are  In  percent) 


error  *  100*(klngery-thls  work)/klngery 


TABLE  7.  PREDICTED  PRESSURE  LEVELS  CORRESPONDING  TO 


SELECTED  U.S.  AND  NATO  SCALED  DISTANCES 


SOURCE 

DESIGNATION 

BH  .  BB 

u 

hhh 

■MISM 

D1 

0.88 

8271 

1200 

D2 

0.44 

1.11 

5955 

863.8 

MMM I 

D3 

0.5 

1.26 

4888 

709.0 

D4 

0.8 

2.02 

2129 

308.9 

D5 

1.1 

2.77 

1104 

160.2 

NATO 

D6 

1.8 

4.54 

361.9 

52.50 

NATO 

D7 

2.4 

6.05 

187.5 

27.20 

NATO 

D8 

3.6 

9.07 

79.61 

11.55 

NATO 

D9 

4.8 

12.10 

46.44 

6.737 

NATO 

DIO 

8.0 

20.17 

20.42 

2.962 

NATO 

Dll,  Q<4500  kg 

3.6 

9.07 

79.61 

11.55 

NATO 

Dll,  0^4500  kg 

18.8 

47.39 

6.595 

0.957 

NATO 

D12 

22.2 

55.96 

5.349 

0.776 

NATO 

D13,  Q<4500  kg 

5.5 

13.86 

36.73 

5.328 

NATO 

D13,  Q24500  kg 

22.2 

55.96 

5.349 

0.776 

NATO 

D14 

14.0 

35.29 

9.561 

1.387 

NATO 

D15 

18.0 

45.37 

6.964 

1.010 

NATO 

D16 

9.3 

23.44 

16.46 

2.388 

NATO 

D17 

12.0 

30.25 

11.67 

1.692 

U.  S. 

Intermagazine- 1 

0.44 

1.1 

6030 

874.6 

U.  S. 

lntermagazir>e-2 

0.50 

1.25 

4952 

718.4 

U.  S. 

lntermagazine-3 

0.79 

2 

2164 

313.9 

U.  S. 

lntermagazine-4 

1.09 

2.75 

1124 

163.1 

U.  S. 

lntermagazine-5 

1.59 

4 

484.5 

70.28 

U.  S. 

lntermagazine-6 

1.79 

4.5 

369.0 

53.52 

U.  S. 

lntermagazine-7 

1.98 

5 

289.2 

41.95 

U.  S. 

Barricaded  Aboveground  Magazine 

2.38 

6 

191.0 

27.71 

U.  S. 

lntermagazine-8 

3.17 

8 

102.8 

14.92 

U.  S. 

Barricaded  Intraline 

3.57 

9 

80.93 

11.74 

U.  S. 

Unbarricaded  Aboveground  Magazine 

4.36 

11 

55.15 

8.000 

u.  s. 

Unbamcaded  Intraline 

7.14 

18 

24.20 

3.510 

u.  s. 

Public  Traffic  Route,  W<  100,000  lbs 

9.52 

24 

15.93 

2.311 

u.  s. 

Public  Traffic  Route,  W>250,000  lbs 

11.90 

30 

11.79 

1.711 

u.  s. 

inhabited  Building,  W> 100,000  pounds 

15.87 

40 

8.158 

1.183 

u.  s. 

Inhabited  Building,  W>250,000  pounds 

19.83 

50 

6.166 

0.894 

u.  s. 

Public  Withdrawal  Distance 

130.12 

328 

0.452 

0.066 

